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Precipitation, Streamflow, and Water-Quality Data from
Selected Sites in the City of Charlotte and Mecklenburg
County, North Carolina, 1995-97

By J.B. Robinson, W.F. Hazell, and R.G. Garrett

ABSTRACT

Precipitation data were collected at 46
precipitation sites and 3 atmospheric deposition
sites, and hydrologic data were collected at 9
stream sites in the vicinity of Charlotte and
Mecklenburg County, North Carolina, from July
1995 through June 1997. Data were collected to
identify the type, concentration, and amount of
nonpoint-source stormwater runoff within the
area. The data collected include measurements of
precipitation; streamflow; physical characteristics,
such as water temperature, pH, specific
conductance, biochemical oxygen demand, oil and
grease, and suspended sediment concentrations;
and concentrations of nutrients, metals and minor
constituents, and organic compounds.

These data should provide valuable
information needed for (1) planned watershed
simulation models, (2) estimates of nonpoint-
source constituent loadings to the Catawba River,
and (3) characterization of water quality in relation
to basin conditions. Streamflow and rainfall data
have been used to provide early warning of
possible flooding.

INTRODUCTION

During 1992-94, the U.S. Geological Survey
(USGS), in cooperation with the Western Piedmont
Council of Governments, began an investigation of
water quality in the upper Catawba River Basin from
the headwaters to Lookout Shoals Dam. The objectives
of the study were to collect and interpret water-quality

data from streams and reservoirs in the region and to
develop an unsteady circulation and transport model
for the reservoirs in the area.

In October 1993, the USGS, in cooperation with
the City of Charlotte, Mecklenburg County, and
Charlotte-Mecklenburg Utility Department (CMUD),
began a similar study in the Catawba River Basin
between Lookout Shoals Dam and Lake Wylie Dam.
Study efforts for the City of Charlotte were focused on
characterizing stormwater quantity and quality from
selected land uses, information on nonpoint-source
loadings to the Catawba River, and installation and
operation of a precipitation network. Study efforts for
Mecklenburg County and CMUD were focused on
Mountain Island Lake and included inflow sampling
from two basins, outflow sampling, and reservoir
monitoring.

The South Carolina District of the USGS is
conducting an investigation of water quality in the
Catawba River Basin downstream from Lake Wylie.
The Catawba River Basin also is part of the USGS
National Water-Quality Assessment (NAWQA)
Programs’s Santee-Coastal Basin study unit. These
four studies are providing consistent methods of data
collection, interpretation, and modeling techniques for
the Catawba River Basin.

Purpose and Scope

The purpose of this report is to summarize the
precipitation and hydrologic data collected in Charlotte
and Mecklenburg County from July 1995 through June
1997. Summary statistics are presented for the entire
period of record (May 1994 through June 1997). The
data collected include measurements of precipitation;
streamflow; physical characteristics, such as water
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Consideration also was given to providing optimum
precipitation data for water-quality sampling events

and combining installations with existing stream-

gaging locations. Four raingages were installed with
streamflow and water-quality sites—sites 33, 34, 37,

and 44. Three raingages were installed at existing

USGS stream-gaging stations—sites 3, 5, and 6 (fig. 1

table 1).

Forty-one named stream basins are covered by

the raingage locations, including all major stream

basins in Charlotte and Mecklenburg County (fig. 1).

Raingages located in specific stream subbasins are

shown in figure 2. Four raingages, sites 14, 18, 46, and

59, are located on basin divides and, therefore,
represent rainfall coverage in multiple headwater

s

Atmospheric Deposition Sites

Atmospheric deposition sites were located in
basins with existing streamflow and water-quality data-
collection sites. Atmospheric data collection occurred
at sites 37, 42, and 43, which represent different land
uses within Charlotte (fig. 1; table 2). A detailed
description of these sites is given in the following
section. Atmospheric deposition samples were
collected weekly.

Streamflow and Water-Quality Sites

Streamflow and water-quality site selection was
based on the size of the drainage areas and the type of
land use. The land-use information presented in this
report was obtained from the City of Charlotte and is
based on data classified from 1990 aerial photographs

basins. and reconnaissance conducted by USGS personnel.
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Figure 2. Raingage locations, by basin, in Charlotte and Mecklenburg County, North Carolina.
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Basin land-use maps were previously published
(Robinson and others, 1996) except for site 44. Six
sites were chosen within the city limits of Charlotte,
sites 37, 39, 40, 41, 42, and 43, and three sites were
chosen in the northern part of the county, sites 33, 34,
and 44 (fig. 1; table 2). These sites have previously
been referred to using CSW numbers; those CSW
numbers are included in this report for reference. An
additional site within Charlotte, site 38, was
constructed and data collection began in April 1996.
Unforeseen changes in the basin diverted runoff away
from this location and the site was abandoned in
September 1996. The amount of data collected at this
site is limited and thus not included in this report. Each
site within the city drains into one of the four major
streams carrying runoff from the metropolitan area.
Sites 33, 34, and 44 all drain directly into Mountain
Island Lake water-supply reservoir. All sites have
continuous records of stage and discharge, water
temperature, and specific conductance. Water-quality
samples were collected seasonally, during runoff
events.

Site 33 is located on Gar Creek, a major tributary
to Mountain Island Lake (fig. 1). The drainage area has
mixed land use—primarily woods or brush and
residential (table 3)—and encompasses 2.67 mi2. The
area classified as residential (greater than 2 acres) may
include some agricultural land uses.

Site 34 is located on McDowell Creek, also a
major tributary to Mountain Island Lake (fig. 1). The
drainage area of 2.35 mi? is bisected by Interstate

Highway I-77. Land-use types are mixed and include
residential, woods or brush, commercial, industrial,
and institutional (table 3).

Site 37 is located on a tributary to Sugar Creek
(fig. 1). The drainage area encompasses 0.063 mi? and
consists of light industrial, light commercial, and some
woods or brush (table 3). A small portion of an active
railroad is also within the basin.

Site 39 is located on a tributary to Irwin Creek
(fig. 1). Land use is entirely heavy industrial with a
drainage area of 0.022 mi? (table 3).

Site 40 is located in a storm drain to a tributary
of Edwards Branch which flows into Briar Creek
(fig. 1). Land use is almost entirely medium density
residential (table 3) with a drainage area of 0.023 miZ.
A very small portion of the basin includes some light
industry as well as an elementary school.

Site 41 is located on a tributary to Little Sugar
Creek (fig. 1) and has a multi-use drainage area of
0.123 mi®. Residential housing is the primary land use.
The basin also includes a portion of a large chemical
research laboratory, an elementary school, and some
light commercial activity (table 3).

Site 42 is located on a tributary to McMullen
Creek (fig. 1) and has a drainage area of 0.126 mi>.
Land use within the basin is residential and
institutional (a private school). Some light commercial
activity is also present (table 3).

Site 43 is located on a tributary to Fourmile
Creek (fig. 1). At the time of site selection, land use was
considered to be pre-development. Much of the

Table 3. Land-use percentage distribution for study site drainage areas

[Values are in percent. ---, no land-use data for this category]

Residential Industrial Commercial
Less
Site no. Woods/  Greater G::ater G:zater than  jnstitu- Sti:r;d' :;':::::
(fig. 1) Brush 2::::; oo /28::) 1/41’; et::al tional  |ight Heavy Light Heavy  water  tion
2acres 1/2acre to1/4
acre
33 [CSW08] 58.1 29.3 9.9 1.3 - 0.5 - 0.5 - - 0.4 ——-
34 [CSW09] 39.9 232 13.6 8.7 0.3 9 0.7 - 6.9 1.5 1 4.2
37 [CSWO06] 10.3 1 - - -- - 63.5 —— 26.1 --- -- ---
39 [CSWO05] 1 --- --- - - - - 99.8 1 - -- -
40 [CSWO03] -- - 2.1 96.8 - -- 1.1 --- --- --- -- --
41 [CSW02] 1.7 - --- 57.7 - 5.8 -- 22.9 11.9 --- -- ---
42 [CSW04] - -- 7.9 194 313 40.6 --- - 8 - -- -
43 [CSWO07] 17.2 -- 2.5 33.0 -- 32 - - 44.1 - - -
44 [CSW10] 42.6 35.7 9.3 4.5 2 .6 .8 6 1.7 3 3 34
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drainage area is now residential (both single and multi-
family) with ongoing new construction as well as some
woods or brush. Some light commercial land use, a
large church, and a rest home are also present (table 3).
The drainage area is 0.266 miZ.

Site 44 is also located on McDowell Creek
approximately 6 miles downstream from site 34
(fig. 1). Land-use types are mixed, predominately
woods or brush and residential, but include some
commercial, industrial, and institutional (table 3). The
drainage area is 26.3 mi’.

DATA-COLLECTION METHODS

All sites are equipped with electronic
dataloggers for instrument operation and data
collection. Storage modules with independent, internal
batteries and nonvolatile memory also store programs
and data for backup. Modems at the sites allow remote
communication and interaction with the dataloggers.
Software was developed to automatically retrieve and
process data daily. Remote interaction also allows users
to monitor, test, and activate peripheral devices from
any offsite location.

Precipitation Data

Two types of raingages were installed in the
study area—tipping bucket raingage or 3-inch (in.)
diameter collection well with water-level sensor. The
type of rainfall measuring equipment installed was
determined on a site-by-site basis. Thirteen sites
initially were installed with collection well pipes in less
secure areas or where rooftop tipping buckets were not
feasible. Site 17 was converted to a tipping bucket site
on Dec. 29, 1994. As of June 1997, there were 34
tipping bucket sites and 12 collection well sites
(table 1).

All sites record rainfall amounts at S-minute
intervals. The raingages located at water-quality
sampling sites also record rainfall at 1-minute intervals
when rainfall is detected. Neither type of raingage is
designed to measure rainfall equivalency during
periods of frozen precipitation. Melting of this frozen
precipitation by sunlight, warming temperatures, or
artificial heat source may provide these rainfall
equivalent data for a daily or monthly total.

Atmospheric Deposition Data

Collection of atmospheric deposition samples
began in March 1997 at sites 37, 42, and 43 (fig. 1;
table 2). Hydrologic data include quantity of wet
deposition and analysis of wet deposition samples for
specific conductance, pH, nutrients, selected metals,
chloride, and sulfate. '

Wet deposition samples were collected using an
automatic wet/dry sampler equipped with a plastic
sample-collection container and powered by a 12-volt
battery. This device has a motorized protective lid
which keeps the sample-collection container covered
during periods of no precipitation. When the moisture
sensor detects precipitation, the lid is mechanically
moved to allow wet deposition to be collected in the
sample container. When the precipitation stops, the lid
is mechanically returned to the protective position.
Samples were retrieved on Mondays of each week.

Samples were weighed in the USGS Charlotte
Field Office using an analytical balance. Once
weighed, the precipitation amount was computed in
inches equivalent. Samples were then decanted directly
from the collection container into the appropriate
subsample containers and preserved.

Streamflow and Water-Quality Data

Data collection began in December 1993 at sites
41 and 42, March 1994 at site 39, April 1994 at site 33,
May 1994 at site 34, June 1994 at site 43, July 1994 at
site 40, April 1995 at site 37, and November 1996 at
site 44. Hydrologic data include measurements of
streamflow, coliform bacteria, physical and chemical
properties, nutrients, concentrations of metals and
minor constituents, oil and grease, organic compounds
in water (table 2), and suspended sediment. Streamflow
and water-quality data collection were discontinued
September 1997 at sites 33 and 34. Water-quality data
collection was discontinued September 1997 at site 44.

Instrumentation at each site includes sensors for
the collection of water temperature, specific
conductance, pH, and water level. Water-quality
samples were collected using an automatic refrigerated
sampler. All equipment is housed in a walk-in shelter
with alternating current (a.c.). Sites 33, 34, 37, and 44
have tipping bucket raingages for the collection of
precipitation data.

Continuous record gages were established at
each site. Because of the almost instantaneous response
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of streamflow to precipitation in small urban basins,
water levels were recorded every 5 minutes. Water
levels were recorded every minute when stream stage
rose above a predetermined threshold and during
water-quality sampling events. At the beginning of the
study (December 1993), sites 41 and 42 had collection
intervals of 15 minutes.

Instantaneous water level, or stage, was recorded
and streamflow, or discharge, was measured on an as-
needed basis following procedures outlined by Rantz
and others (1982). Stage-discharge relations were
subsequently developed and utilized to quantify
streamflow at each recorded 5-minute interval. The
absence of a suitable measuring location at site 40
required the stage-discharge relation to be based on
flow through a weir at low stages and a mathematical
culvert flow determination at higher stages. Similar
conditions at site 39 required the use of a computed
weir stage-discharge rating to determine flow over the
weir. Periodic current-meter measurements were made
when possible.

Water temperature and specific conductance
were measured every 5 minutes with an in situ probe.
Initially, these data also were collected at 1-minute
intervals when flow was above the predetermined
threshold and during water-quality sampling events.
Review of these data indicated that water temperature
and specific conductance did not vary significantly at
1-minute intervals. Thus, the collection interval was
increased to 5 minutes in June 1995.

pH was measured during water-quality sampling
events. Due to its fragile nature, the pH probe was
mounted in a flowthrough cell connected to a water
pump rather than being placed in situ. Collection of pH
data was initiated simultaneously with water-quality
sample collection and continued for a period of 10
minutes. Data were recorded every minute during the
10-minute period. Collection of continuous pH data
during water-quality sampling events was discontinued
January 1996. Subsequently, raw water samples
collected by the automatic samplers, as well as grab
samples collected during an event, were used for pH
determinations.

Water samples were collected at each study site
during runoff events on a seasonal basis. The criteria,
provided by the cooperators, used to determine if the
sampled event met the requirements of the project were
that (1) the minimum period between sampled events
was at least 21 days, (2) the rainfall duration was
between 3 and 13 hours, (3) the rainfall amount was

between 0.2 and 0.8 in., and (4) there had been less than
0.1 in. of rainfall in the 72 hours prior to the sampled
event. The rainfall amount could exceed 0.8 in. and (or)
the duration could be longer than 13 hours as long as
the total rainfall amount during the first 3 hours was
less than 0.8 in. Every effort was made to adhere to
these criteria, but there were times when all criteria
were not met.

Generally, three discrete samples were collected
during increasing, near peak, and receding streamflows
associated with the runoff event. Specific conductance
and pH of each sample were measured as the sample
was processed. Samples were analyzed for a broad
range of constituents.

Water samples for inorganic analysis were
collected using an automatic refrigerated sampler. Each
discrete sample consisted of two raw water samples
collected in 1.9-liter glass bottles. The two bottles were
composited in a polycarbonate churn splitter, and
processed and preserved as described by Horowitz and
others (1994) (table 4). Beginning in September 1995,
the Mecklenburg County Department of
Environmental Laboratory began analyzing the
samples that were collected for inorganic constituents.
These samples were preserved as required by the
Mecklenburg County laboratory (table 5). Total
organic carbon (TOC) samples were taken from the
discrete samples prior to placement in the churn
splitter. Samples for the analysis of dissolved
constituents were filtered through a 0.45-micron pore-
size capsule filter using a peristaltic pump.

Samples for most organic analyses were
collected using an automatic refrigerated sampler with
methanol cleaned Teflon tubing or by hand as a grab
sample. Pesticide samples were collected during the
spring and were decanted directly from the glass
collection bottles to the appropriate sample containers.

Grab samples included oil and grease and
volatile organic compounds (VOCs), which were
collected during the first 20-30 minutes of the runoff
event. Bacteria samples were collected manually
during increasing, near peak, and receding
streamflows. TOC also was collected as a grab sample
in the spring when the automatic sampler was equipped
with methanol cleaned tubing.

Quality-Assurance Procedures

Quality-assurance procedures for precipitation,
atmospheric deposition, streamflow, and water-quality

Data-Collection Methods 9



Table 4. Containers, container treatment, and preservation procedures required for samples collected at the streamflow
and water-quality study sites and analyzed by the U.S. Geological Survey National Water-Quality Laboratory, May 1994

through August 1995

[°C, degrees Celsius; mL, milliliter; <, less than; N, normality of solution; >, greater than; L, liter]

Compounds, elements, . Container treatment
Container .
or size Container type and
properties analyzed sample preservation
Physical and chemical properties

Dissolved solids, residue at 180 °C 250 mL  Polyethylene Filter through a disposable capsule filter with 0.45-micron pore
size; use filtered sample to rinse containers.

pH, specific conductance, alkalinity 500 mL Polyethylene Unfiltered; use unfiltered sample to rinse containers.

Volatile suspended solids 500 mL.  Polyethylene Unfiltered; use unfiltered sample to rinse containers.

Chemical oxygen demand 125 mL  Glass Bottle baked at 450 °C. Acidify collected sample with HySO,4 to
pH <2; chill and maintain sample at 4 °C.

Biochemical oxygen demand?® 500 mL  Polyethylene Unfiltered, chill and maintain sample at 4 °C.

Coliform? 200 mL  Glass Sterile, chill and maintain sample at 4 °C.

Nutrients

Dissolved nutrients 125 mL  Brown polyethylene Filter through a disposable capsule filter with 0.45-micron pore
size; use filtered sample to rinse containers. Chill and maintain
sample at 4 °C.

Total nutrients 125mL  Brown polyethylene Unfiltered; use unfiltered sample to rinse containers. Chill and
maintain sample at 4 °C.

Metals and minor constituents
Sb, Be, Cr, Cu, Cd, Pb, Ni, Ag, Zn 500 mL.  Polyethylene, acid rinsed Unfiltered; use unfiltered sample to rinse containers. Acidify

As, Se

Hg

Cn

250 mL

250 mL

250 mL

Polyethylene, acid rinsed

Glass, acid rinsed

Polyethylene

collected sample with nitric acid to pH <2.

Unfiltered; use unfiltered sample to rinse containers. Acidify
collected sample with nitric acid to pH <2.

Unfiltered; use unfiltered sample to rinse containers. Acidify
collected sample with nitric acid/potassium dichromate to pH
<2

Unfiltered; use unfiltered sample to rinse containers. Add to
sample, 5 N sodium hydroxide to pH >12. Chill and maintain
sample at 4 °C.

Organic compounds

Pesticides and herbicides®

Total organic carbon®

Volatile organic compounds®

Oil and grease

125 mL

40 mL

Glass, amber

Glass, amber

Glass septum vial, amber

Glass, amber

Bottle baked at 450 °C. Do not rinse container in field. Chill and
maintain sample at 4 °C.

Bottle baked at 450 °C. Do not rinse container in field. Chill and
maintain sample at 4 °C.

Do not rinse container in field. Exclude all air bubbles in sample
by completely filling vial. Protect sample from sunlight. Chill
and maintain sample at 4 °C.

Bottle baked at 450 °C. Do not rinse container in field. Leave
small air space. Add to sample, 2.0 mL H,SO, to pH <2. Chill
and maintain sample at 4 °C.

Sediment

Suspended sediment and volatile
suspended solids®

1 pint

Glass

None.

2Analyses performed by the Mecklenburg County Department of Environmental Protection Laboratory.
bAnalyses performed by the U.S. Geological Survey Water-Quality Laboratory, May 1994 through June 1997.
Analyses performed by the U.S. Geological Survey Sediment Laboratory, May 1994 through June 1997.
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Table 5. Containers, container treatment, and preservation procedures required for samples collected at the streamflow and

water-quality study sites and analyzed by the Mecklenburg Co
September 1995 through June 1997

[°C, degrees Celsius; mL, milliliter; N, normality of solution]

unty Department of Environmental Protection Laboratory,

Compounds, elements, Container

Container treatment

or " Container type and
. size .
properties analyzed sample preservation
Physical and chemical properties

Dissolved solids, residue at 180 °C 500mL  Polyethylene, red cap, Filter through a disposable capsule filter with 0.45-micron pore
disposable size; use filtered sample to rinse containers.

PH, specific conductance, alkalinity 1,000 mL.  Polyethylene, blue cap, Unfiltered; use unfiltered sample to rinse containers.
disposable

Volatile suspended solids 1,000 mL.  Polyethylene, blue cap, Unfiltered; use unfiltered sample to rinse containers.
disposable

Chemical oxygen demand 250 mL  Polyethylene, orange cap, Acidify collected sample with 1.0 mL H,SOy; chill and maintain
disposable sample at 4 °C.

Biochemical oxygen demand?® 1,000 mL  Polyethylene, blue cap, Unfiltered, chill and maintain sample at 4 °C.
disposable

Coliform? 200mL  Glass Sterile, chill and maintain sample at 4 °C.

Nutrients

Dissolved nutrients 250 mL  Polyethylene, green cap, Filter through a disposable capsule filter with 0.45-micron pore

disposable size; use filtered sample to rinse containers. Add 1.0 mL
H,SOy; chill and maintain sample at 4 °C.

Total nutrients 250 mL.  Polyethylene, orange cap, Unfiltered; use unfiltered sample to rinse containers. Add 1.0 mL

disposable H,S0y; chill and maintain sample at 4 °C.
Metals and minor constituents
As, Se, Hg, Sb, Be, Cr, Cu, Cd, Pb, 500 mL Polyethylene, acid rinsed, Unfiltered; use unfiltered sample to rinse containers. Add
Ni, Ag, Zn yellow cap, disposable 1.25 mL of HNO;.
Cn 1,000 mL Polyethylene, acid rinsed, Unfiltered; use unfiltered sample to rinse containers. Add 10 mL

blue cap, disposable

of 5 N sodium hydroxide. Chill and maintain sample at 4 °C.

Organic compounds

Qil and grease 2,500 mL  Glass

Surface skim, unfiltered. Add 5.0 mL HCI.

2Analyses performed by the Mecklenburg County Department of Environmental Protection Laboratory, May 1994 through June 1997.

data collection and processing are presented in the
following sections. All procedures followed standard
USGS guidelines as documented in each section.
Detailed quality-assurance procedures were prepared
and are documented in a USGS administrative report.

Precipitation Data

Tipping bucket raingages were delivered from
the factory with documented calibration. Factory
calibration consists of pouring a known amount of
water into the bucket at a fixed rate and comparing the
recorded amount with the known rainfall equivalency.
Collection well raingages were designed and
constructed according to generally accepted standards.

All sites were field calibrated from April 1997 to
June 1997. Tipping buckets were calibrated using a
technique similar to that applied in the factory. At
collection well sites, catchment dimensions were

measured and a surface area computed. A known
amount of water was poured into the catchment, and
the rainfall total recorded was compared to the rainfall
equivalent of the known volume. Measured
precipitation for 34 raingages was within 5 percent of
the actual amount, and 45 of the raingages recorded
precipitation within 10 percent of the actual amount.
Rainfall was under-recorded at site 61 by 12 percent.
The equipment was adjusted and a correction was
applied to the data.

Sites are visited on an average of every 6 to 8
weeks. Initial readings of time and rainfall are
recorded. Catchment, funnel, and tubing are inspected
for blockage, and conditions are noted. Catchments and
funnels are wiped clean and rinsed free of debris.
Tubing is reamed, rinsed, and brushed clean. Battery
voltage is measured with an external voltmeter, and the
reading is compared to that of the datalogger. Freshly
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charged batteries are installed when needed. The
installation and phone lines are inspected for vandalism
or tampering.

Tipping bucket pivots are oiled, and buckets are
inspected for freedom of movement and assurance of
interaction with the datalogger. After draining a
collection well, a small amount of water is returned to
the well. Inspections include visibly watching the float
wheel turn and physically checking the response of the
float wheel.

Final readings of time and rainfall are recorded
before leaving the site. After completion of the site visit
but before leaving the area of the site, contact is made
with the datalogger using a cellular phone to assure that
all phone connections are working properly.

Data are automatically retrieved daily via
modem and phone line. Daily summary printouts
available for inspection include: daily rainfall total,
accumulated rainfall total since last service, and battery
voltage. A location map of the raingages with
corresponding totals for the previous day also is
available. This allows for early identification and
correction of problems. Rainfall plots are printed from
the USGS database for the 5 previous days to check the
data and assure that these data have been entered into
the database.

Data are inspected for signs of drifting float
wheels. This drift is easily spotted, and any
accumulated rainfall amounts resulting from the drift
are removed from the database. Rainfall data during
and after site visits are inspected and compared to field
notes to assure proper readings. Daily totals are
compared with data from surrounding sites to check for
reasonable agreement.

During periods of sub-freezing air temperature
or suspected frozen precipitation, data are inspected for
signs of improper recording of precipitation.
Incremental data for periods of apparent frozen
precipitation are deleted from the database. When
possible, daily or monthly totals are estimated based on
readings recorded as the snow and ice melts.

Atmospheric Deposition Data

Installation and operation of the automatic wet/
dry samplers were in accordance with protocols
established by the National Atmospheric Deposition
Program (NADP) (Bigelow, 1984; Bigelow and
Dossett, 1988) with the exception that samples were
retrieved on Mondays rather than Tuesdays. Samplers
were equipped with polycarbonate protective lids and

Teflon coated arms to prevent metal contamination of
samples collected for metals and minor constituents.

Plastic sample-collection containers were
prepared by washing with a nonphosphate detergent
and soaking in a 5-percent hydrochloric acid solution
as described by Horowitz and others (1994).
Equipment was assigned to each site to prevent
possible cross-contamination between sites.

Quality-assurance samples comprise
approximately 20 percent of the samples analyzed.
Equipment blanks using inorganic blank water
provided by the USGS laboratory were prepared and
analyzed for nutrients and metals and minor
constituents to validate the cleaning procedures as well
as to ensure no contaminants were leaching from the
sample-collection container. The quality-assurance
blank analysis for nutrients was done using the low-
level automated-segment flow method (ASF), and the
metals and minor constituents were analyzed using the
Inductively Coupled Plasma-Mass Spectrometry
method (ICP-MS). In addition, split samples were
analyzed periodically for each site when sample
volume allowed.

Streamflow and Water-Quality Data

Installation and operation of the continuous
record gages were in accordance with USGS standards
described in the Techniques of Water-Resources
Investigations (TWRI) series of manuals published by
the USGS. Measurement of streamflow and
computation of discharge record from stage were also
done according to TWRI specifications.

Discharge measurements were made as needed
at each site to develop stage-discharge relation curves.
Periodic check measurements of the rating were made
when warranted by extreme or unstable conditions.
Variable stage-discharge shifts were generally applied
for periods when the absolute difference between the
measured discharge and the expected discharge from
the rating curve exceeded 5 percent.

Site visits were routinely conducted every 4-6
weeks. Corrections to gage height record were made
when the absolute difference between the reference
gage observations and the water-level sensor exceeded
0.015 ft.

Data were automatically retrieved daily using a
modem and phone line. Plots of stage for the 4 previous
days were generated and reviewed daily. This allowed
quick detection and reconciliation of potential
problems due to instrumentation malfunctions.
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All sensors used for measuring water
temperature, specific conductance, and pH were tested
prior to being placed in the field. Thereafter, sensors
were routinely calibrated every 4-6 weeks. This
procedure began with an initial check of the probe in its
current state. The probes were then thoroughly cleaned
and calibrated using several standards. Adjustments to
the sensor readings were applied over time and pH
range, as needed, based on calibration records. Sensors
were calibrated as soon as possible following sampling
events to minimize any potential problems with drift.
All data were retrieved daily using a modem and phone
line, and plots for the 4 previous days were generated
daily. Review of these plots allows potential problems
with sensors to be detected.

The water temperature sensor was calibrated by
using either an American Bureau of Standards mercury
thermometer or an electronic thermistor that had been
previously calibrated. The thermometer or thermistor
was placed in the stream and allowed to equilibrate
prior to disturbing the temperature sensor. All readings
were recorded on the calibration sheet. The
temperature sensor was then removed, cleaned,
returned to the stream, and allowed to equilibrate. All
readings were then recorded a second time. As needed,
adjustments to the data were time corrected based on
observed versus actual readings.

The specific conductance probe was calibrated
using five standards ranging from 20 to 500
microsiemens per centimeter at 25 degrees Celsius
(uS/cm at 25 °C). The three standards that best
bracketed the typically observed specific conductance
readings were used to apply any needed adjustments to
the data. The probe was rinsed with deionized water,
sequentially immersed in each standard, and allowed to
equilibrate. Readings were recorded on the calibration
sheet with the actual standard value. The probe was
then thoroughly cleaned using a special scrub brush
and deionized water to remove any accumulation of
dirt and algae. The probe was then calibrated once
more using the same procedure. This allowed for
adjustments to the data with time and range in the event
of probe degradation.

The pH probe was checked using standards of
4.0, 7.0, and 10.0 pH units. The probe was removed
from the flowthrough cell, rinsed with deionized water,
placed in each standard, and allowed to equilibrate.
Readings were recorded on the calibration sheet.
Following this initial check, the probe was cleaned
using methanol and a cotton swab. The electrode gel

was checked and filled to capacity if needed. Because
the probe utilizes a single-point calibration method, it
was placed in the 7.0 pH standard unit and calibrated to
this value. The probe was then placed in the 4.0 and
10.0 standard units, and all readings were recorded on
the calibration sheet. The probe was then returned to
the flowthrough cell, which was filled with 4.0 buffer.
This maintained the probe in a storage state and
minimized drift until the probe was needed. A test of
the flowthrough cell was performed yearly with
readings recorded every minute during a 10-minute
period. These readings were then compared to an in situ
pH reading taken directly from the stream to determine
any effects due to pumping with the flowthrough cell.
Adjustments to the data were applied with time and pH
range as indicated by the calibration record. After
January 1996, pH values were determined in the
USGS, Charlotte Field Office from raw water or grab
samples. The pH meter was calibrated with standards
of 4.0, 7.0, and 10.0 pH units prior to each use, and
calibrations were documented in the meter log book.

All equipment used to collect water-quality
samples was prepared by washing with a nonphosphate
detergent and soaking in a S-percent hydrochloric acid
solution as described by Horowitz and others (1994).
Equipment was assigned to each site to prevent cross-
contamination between sites. Blanks were run on each
piece of sampling equipment at each site on a yearly
basis and analyzed for nutrients and metals and minor
constituents using inorganic blank water prepared by
the USGS laboratory.

The Teflon lined tubing on all automatic
samplers was replaced with new tubing yearly.
Between sampling events, this tubing was field-cleaned
using the above procedure. In addition, the tubing was
rinsed with methanol and the sample-collection bottles
were baked at 450 °C prior to the spring collection of
organic constituents. An equipment blank for the
analysis of pesticides and herbicides was performed
yearly at one randomly chosen site using organic free
water purchased from a scientific supply company.
Sample-collection volume was checked and calibrated
at least yearly or when problems were suspected.

Sample processing equipment assigned to each
site was prepared with the cleaning procedure
described above. Samples for the analysis of organic
constituents were decanted directly from the glass
collection bottles into the appropriate glass sample
containers, then set aside and chilled. The remaining
water was then placed in a polycarbonate churn splitter
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to remove homogenous subsamples for inorganic and
sediment analyses. Samples for the analysis of
dissolved constituents were filtered using silicone
tubing prepared with the previously described cleaning
procedure and a disposable (0.45-micron pore-size
capsule filter (table 4). Samples collected for inorganic
analyses were preserved using USGS protocols as
described by Horowitz and others (1994). Beginning in
September 1995, samples collected for inorganic
analyses were analyzed by the Mecklenburg County
Department of Environmental Protection Laboratory
and were preserved as required by the Mecklenburg
County laboratory (table 5).

Churn splitters were field-cleaned with
deionized water and 5-percent hydrochloric solution
between each discrete sample collected at each site
during an event. Blanks were processed on these field-
cleaned churns for the analysis of nutrients and metals
and minor constituents with a frequency of one blank
per site per event. Lab blanks were run at the same
frequency to check for contamination due to
atmospheric deposition in the sample processing area.

Approximately 10 percent of all samples
analyzed were quality-assurance samples. These
included the previously mentioned blanks as well as
split, duplicate, and blank samples for all constituents
analyzed. The quality-assurance blanks for nutrients
were analyzed using the low-level ASF method, and the
metals and minor constituents were analyzed using the
ICP-MS method.

Concurrent manual sampling using USGS
approved methods was conducted to compare cross-
sectionally averaged samples with point samples
(table 6). Automatically collected point samples were
assumed to represent the cross-sectionally averaged
sediment concentrations.

LABORATORY ANALYSES

Samples collected during the period, May 1994
through August 1995, were analyzed by the USGS
National Water-Quality Laboratory (NWQL) in
Denver, Colorado (table 7, p. 20-31). The analytical
methods used by the USGS laboratory are documented
in Wershaw and others (1987), Britton and Greeson
(1989), Fishman and Friedman (1989), and Fishman
(1993). Beginning in September 1995, samples
collected for inorganic constituents were analyzed by
the Mecklenburg County Department of Environmental
Protection Laboratory (table 8, p. 32-33). Organic
constituents continue to be analyzed by the NWQL.

Table 6. Automatic pumping sampler intake locations and
number of manual suspended-sediment samples collected,
May 1994 through June 1997

[EWI, equal-width increment]

Width of N::::;r’
Sampler (?:‘r?:::) suspended-
Site intake X sediment
Streambed [Location of
no. t (feet sampler samples
(fig. 1) ype above in tak': in collected
bottom) ! using the
stream cross EWI
section)® technique
33 [CSWO08]° sand 0.8 13.5 10
[midstream]
34 [CSWO09]° sand 1.1 8.0 11
[midstream]
37 [CSW06]  concrete/gravel 5 12.6 8
[midstream]
39 [CSWO05] cobble/sand 3 2.4 10
[midstream]
40 [CSWO03] concrete 1 2.0 5
[midstream]
41 [CSWO02] clay/sand 1.1 9.1 8
[midstream]
42 [CSW04] clay/cobble/sand 4 6.7 12
[midstream]
43 [CSWO07] silt/clay 4 38 13
[midstream]
44 [CSW10]° sand 1.0-3.0 22.0 8
[midstream]

aStream width determined when stream was at base flow.
bperiod of record May 1994 through September 1997.
CPeriod of record November 1996 through September 1997.

Suspended-sediment concentrations were determined
during the study period by the USGS sediment
laboratories located in Raleigh, N.C., Baton Rouge,
La., and Louisville, Ky., by using methods and
procedures documented by Guy (1969). Analytical
procedures and method detection limits for chemical
constituents in water analyzed by the USGS NWQL are
listed in table 7. Analytical procedures and method
detection limits for the Mecklenburg County
Department of Environmental Protection Laboratory
are listed in table 8.

Method detection limits (MDL’s) are a statistical
estimate of a property of the analytical method used to
measure the compound concentration. MDLs for the
88 dissolved pesticide organic compounds (table 7)
were revised by the USGS laboratory April 15, 1996,
based on detailed method performance tests. MDL's
were generally lowered by one-half to an order of
magnitude from values previously published in
Robinson and others (1996). The USGS water-quality
database was updated in late 1996. Hence,
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metals and minor constituents were performed weekly
on samples if sufficient rainfall occurred.

The atmospheric deposition data collection is
scheduled to be completed in March 1998. These data
are not included in this report but are planned to be
published in an interpretive report.

Streamflow Data

Streamflow statistics for December 1993 through
June 1997 are presented in table 55 (p. 120). Daily
mean discharge data at the nine streamflow sites (fig. 1)
are presented in tables 56-64 (p. 121-139). During
periods of missing record, a daily mean discharge was
estimated based on rainfall and computed streamflow
for other gages in the area. The minimum instantaneous
discharge for the period of record at site 34 was
indeterminate due to an unstable stage-discharge
relation for low stages.

Water-Quality Data

Continuous specific conductance and water
temperature data were collected at 5-minute intervals at
the streamflow sites. These data are available from the
USGS District Office in Raleigh, N.C. Continuous
specific conductance and water temperature statistics
for the nine streamflow sites are presented in table 65
(p. 140). Continuous measurements of pH were made
during sampled storm events during May 1995 through
January 1996. Statistical summary tables of
approximately 250 chemical constituents include
measurements of coliform, physical and chemical
properties, nutrients, concentrations of metals and
minor constituents, oil and grease, suspended sediment,
and organic compounds in water (tables 6674, p. 141—
175). Samples taken on April 3, 1996, and May 7, 1997,
were collected during periods of no rainfall runoff to
determine background levels of selected constituents.
These data are included in the statistical summaries.

The statistical summaries were prepared using
programs developed by the USGS (Maddy and others,
1992). If the total number of observations above and
below the method detection limit is greater than 1 but
less than or equal to 5, only the maximum and
minimum values are reported in the tables. If only one
observation is available, the value is reported as the
maximum value, Percentiles are not shown for values
greater than 5. The statistical summaries are for the

period of record, May 1994—June 1997, unless
otherwise noted.

The instantaneous discharges reported in the
statistical summary tables and discrete sample tables
are associated with the individual water-quality sample-
collection dates. Water-quality data for discrete samples
were collected during July 1995 through June 1997,
unless otherwise noted (tables 75-83, p. 176-211).
These data include measurements of coliform, physical
and chemical properties, nutrients, metals and minor
constituents, oil and grease, total organic carbon, and
suspended sediment. The organic compounds were not
included in these tables because of the small number of
samples with concentrations greater than the MDL and
the large number of organic constituents. Several values
for biochemical oxygen demand (BOD) listed in the
discrete sample tables are reported as “greater than”
because of uncertainties in the results.

Rainfall and streamflow characteristics for the
monitored storms at the stream sites are presented in
tables 84-92 (p. 212-220). Total accumulated rainfall is
reported as the total rainfall for the duration of each
storm event.
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ABBREVIATIONS USED IN DATA TABLES 7-92

ACCUM
COLS. per 100 ML, COLS./100 ML
CFSM

s

°C, DEG. C
IN., IN

INST.

MAX

pg/L, UG/L
uS/cm , US/CM
mg/L

mL

MIN

RECOV.
UM-MF

INANIV V

accumulation

colonies per 100 milliliters
cubic feet per second per square mile
cubic feet per second
degrees Celsius

inches

instantaneous

maximum

micrograms per liter
microsiemens per centimeter
milligrams per liter
milliliters

minimum

recoverable

micron micropore filter

greater than

greater than or equal to
less than

less than or equal to

Abbreviations
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Table 17. Daily rainfall totals at site 18 (CRNQ7), July 1995 through June 1997
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Table 17. Daily rainfall totals at site 18 (CRNOQ7), July 1995 through June 1997—Continued
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Table 19. Daily rainfall totals at site 20 (CRN09), July 1995 through June 1997
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Daily rainfall totals at site 22 (CRN12), July 1995 through June 1997

Table 21.
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